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Q" 24B10. \Clmrea THPHIAQ M B3ANMOICIiCTBIICM CY.Ib- “ QH
(;(Im'm Mc:m\ ¢ andopanoy m Gopormppmaom Harpma. Mm- o
;xeesa Q._II: Maannesna H. H. «K. mcopram. xmymm»,:
119616, N\ 1,"3—8.—IIpm Boccranop:renn CuSO4 B BOAM. —~——-
p-pax. geiictoney BoHg nmam NaBH; nmpm 0° odpasyercs:

'Cull 1 eyecit ¢ Metaaamu, Cu -(comepskanme Cull coorBer-:
 CTBeUNO ~70 ™ ~30%). B caywae NaBH, oGpasyercs,
-o7moponans cMech, Toraa kax npmi p-mum CuSO4 c Bollg.
‘o0pasyercs TeoAmopoanas cMech, mpmaeM Meraxtmy. Cu,
1MoskeT- ObiThy Mexanmiecknr oraeacia or Cul. IIpm p-mum .
iH3P0O3 ¢ Cu$0y4.11¢ oOpasyercs Cull. TlogTsepssaena Bo3-.
iMoskmocTh /momywenms  Cull  p-mueit  CuSO4 ¢ II3PO:.

(Wutrz A «C. r. Acad. sci», 1844, 18, 702). Omucannt’

{IieKOTOpEIC XIIM. 11 ¢hr3. cpoiicTna Cull, mpiejenst Tep,\xo-;
}rpa.\x.\m II MCKINIOCKOCTHEIC paccrosmisg. OTyeuacTcs, UTo;
ti3GupateasnocTn p-minr obpasopamis Cull mpir n3amo-!
‘peiferpiir CuSO; ¢ paSANUNLIMIL  BOCCTAIOBIITEIAMIL
i (11sP0O;, KBH;0H, puGopam, NaBH; NaBH(OCHj); m
II;P0;) cpasama, TO-BIUIMOMY, ¢ OCOOCHIOCTBIO TIPO-:
_CTPANCTBENIOrLO PACIIOJIOKCIIIT CBs3ei 9—I, rae I —; o
‘aTOM B MOJCKYJC BOCCTANOBITCIsA, € KOTODLIM CBA3AIL |
tatom H. .. JO. Xapuronosn:



e 1944

6 b592. - l_gnmqecxoe paanomeme THApHAQ  MeAM..
Forthmann R, Sclifieic Ober den thermi-:
schen’ Zerfall’ des Kupferhydnds «Naturwxssenschaften»v
1966, 53, Ne 19, 500—501 (reat.) N
... C nomompio penrrenorpaduy. metona M onpeuenemm;
N aB. BOJOPOAA M3yueH Npouece pasnoKeniis CuH, npu

-narpese B Bakyyme. Ilpn T-pax mmke 100° BeleACTBHE|
pacnama npu narpese CuH - oGpasyercst rereporennas,
cmech, Cu+CuH, Ilpu 30° u pumepxke 1 wac CuH Tepner
359% H, npn 40° 31% H, npu 60° 77%, npu 80° 919 wu
Tonpko mpi 100° nmpoTeKkaeT NpaKTHUCCKH MoJAHOEe  pasnio-
xenne CuH.' B npouecce pacnaja rekcarod. noxpeluerxa’
Cu B CuH nepexoant B Ky6. rpameuentp. pemerky Cu.
I'Ionyqeuubxe pe3yJbTaThl’ nozrmepxmenu 1361 paTeapubIM

p-peunem CuH B mupumme. . JI. Ulsenon

Q..
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; | occrangwiinnc; (b
{ % ;L 4 B20. O noayuenuu rugpuna._n;_q_;l,gi_gocc'rauonneuucm;
v cyabdata menn  (ocdopudsaTiicroi kucaoroil. Mixees!

Ba B. H, Maabuena H. H, Kys mmmnnconhl/‘ln.‘M.g

<K ireoprai.” Xiisii», 1966, 11, Ne'9,”2001—2005" " ‘
~ Hecenenosana p-uust - CuSO; ¢ NaH,PO: B cepxroxucnoﬁ‘
cpene npi pasanuneix pH, T-pe 1 BpemeHit p-UHIL Tpu pac- |
yere kon-Ba ‘obpasopasuierocst Cull_(I) Bo BpemeHn yui- !
ThIBANOCh OLHOBpeMenHoe pasnozxenne I Tlokasamo, uro
p-wist oGpazopamust I mopuinsiercst, yp-imio 1-ro mopsiaxa
{10 OTHOLIEHHIO K dtoHaM Memu: k==2,3+10-2 yun~L OntuMm. |
yesoBHAMI nonyyennst I ¢ BBIXOAOM ~409% mno Cu u comep- |
wamies 10 90% 1 B nmpojyKTe ABJASIOTCS TpIMeHeHie 13-
‘6uiTka Boccranoputens, pH or —0,3 1o 0,5 11 MemreHHsll !
-yarpen p-UHOHHOIT cMeci RO  T-pbl ~50° B TeyeHne 2 uac. :
BhicKa3alio NPeanosoKeHie 0 KOHCTHTYLHONHOM XapakTepe !
BOjIbl, Haxoasuleiicst B_coctane I W3 pesioMe _aBTOpPOB_:

!
|

v a6ty - o
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5bB5654. Tenaora o0pa3oBaHust M 3HEPrHsi PCUIETKH:
riapuna mepu. Warf J, C. The heat of formation and|
lattice energy "of “copper Tiydride. -«J. Inorg. and Nucl.,
Chem.», 1966, 28, Ne 4, 1031—1033 (aura.) , |

Onpenenena npsimMbM nmyTem TemnoTa pasnoxennst CuH:; -

CuH=Cu+1/2 H,; AHO= —7,88%+0,14 Kxaa/smors. Dra:

BCIHYNHA HCMIONB30Bana s pacyeta no umkay Bopma —!
TaGepa sueprmn  pewerxir (3.:p.) .- CuH 288,6 KKaa[moas;i -

Typul. 970 31aueHne 3. p. CPaBHIBACTCS €O .3HAYCHHEM 3, p.
216 xraa/moars, paccunTauHLIM MO yp-lIO Bopna — Jlan-
ae. Pazimune MeXRy STHMI 3HAueHUAMH 3. p. 0GCyiK-:
Jaercs C TOUKH 3peHHs I Xapakrepa cpsisn b CuH. i

- __A. Kopunaos
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|
I

The heat of formation and lattice energy of copper hydride.™
J..C. Warf (Airlangga Univ., Surabaja, Indonesi g J. Inorg. /
Nicl: Chem. 28(4), 1031-3(1966)(Eng). _The. heat of decompn. /
of Cu hydride was measured, and this employed in a Bom-Haber X
cycle to yicld a lattice energy of 288.6 kcal./mole. Computatxon.

of the lattice energy of a hypothetical 1onic CutH~ by a Born-_¢\
Lande equation resulted in 216 kcal./mole. These quantities Q\
were used to est. the heat of transformation of hypothetical N

Cu*H~ into real CuH. Other thermochem. properties were: :
calcd. as well. These results, along with considerations of \\&
electronegativity, bond energy of CuH(g), and stmcture, all|
point to the covalent nature of Cu hydride. |
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") 8BI3.  Hccaenonanne nexo-ropux'peaxulfii_rﬁpuua'm—e-'"

‘Ne 10, 2535—Y540" :
. _} mipopeneno mccaenonanue psina csoitcts CuH: ornowenie
K ZCHCTBHIO K-T 1 lteJoucii, cnocobHocTh K KoMIexcoopa-
.+ . isopaumo, Jeryuectb. Ilenoun mapa.ieabio ¢ KaTayHTiuC-
: icknM pasnoxennem o6pasyer ¢ CuH coemunenne cocrana
{CuH-NaOH. Ilpu paeitctsun xouu, coasuoit x-tet Ha CuH
BOJOPO/A BblAeAsIETCs1 B JBa pasa Go.blile, MO CPaBHENHIO ¢

ero coaepxaniem B Cull. BaannoreiictsiieM CuCl ¢ LiBH4l..._.

;'*w—'“'—_'“M';-N—_jn cpeae  apup+Terparuapodypan  mpu —40°  moayuei

CuBHs. o Pesioye

NS

8 {7 O S e

(4

Ml nae B a H. H. ©K. neopran. XHMHIH>, 1967, 12,1 .
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| ’340_191 Anomaly in the specitic heat below 3°X. ot cbpper;
containing hydrogen. _Waterhouse, Neil (Div. Pure Phys., Nat.:
Res. Counc. Canada, Ottawa, <an.). Can. J. Phys. 1969, 47,

i~

166943 @

(14), 1485-91 (Eng). The sp. heat of Cu heated in H at 1040°
‘has been measured at 0.4-3.0°K. and found to be anomalous.,

“The anomaly occurs in the same temp. range as the solid H A=
anomaly which, in conjunction with evidence of ortho to para;

conversion of H in the sample, suggests the presence of mol. H——
in the Cu. The anomaly reported by Martin for 99.999*%‘

pure Cu has been briefly compared with the present results. The!
form of the anomaly produced by the Cu-H specimen has been
compared with Schottky curves using the simplest possible.
model, that for 2 level splitting of the degenerate J = 1 rotational

state of the ortho-H mol. Maintenance of the Cu-H sample at|

~20°K. for approx. 1 week removed the “hump’’ in the sp. heat
curve. An equation of the form Cp, = +T + (464.34/(6:°)) T3
fit these exptl. results and procduced a value for ¥ which had in-

creased over that for vacuum-annealed pure Cu by ~2%.
'T : RCCN_r——
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LUI'/;/ t) 45816. 3neprus auccoumauns monexya CuH, AgH,'
AuH u Nil B raszosoit ¢ase. Kant ArthdiT—Mdon
Ly g enncTh A. Dissociation encrgies of gaseous CuH, '
JEG# AgH, AuH, and NiH. «High Temp. Sci», 1979, 11,
’/ Ne.l, 55—62 (aura.) . A : :

Y/ / 2 OddysnonHbIM MeToOM - KHyAceHa ¢ Macc-CneKTpoMeT- |
VT it / pHY. pericrpauHeil NPOAYKTOB HCNapeHHsT B KaMepe, H3ro- -
i ToBsienHoit u3 Mo, ¢ BkaaabimeM n3 ZrO,, B KOTOpYIO Ha- |

/" cmyckaan  Hp,  HccaemoBaHo  rasogasHoe  paBHOBecHE
(//t// M+1/2Hs=MH (1), rae M=Cu - (I) (HHTEpBaN T-p
" 1391—1568 K), --Ag. (II) (1290—1441 K), Au (III)*

(1492—1855 K) u Ni (IV) (1602—1852 K). ITo 2-My u
, 3-My 3aKoHaM BbluHcaeHb —AMA% :(1): 8,1%1 u 6,7+2 ana
I 271 uw —1,1%2 ana 11, 20,31 u 17,2%2 aasa 111,

/ ' . 6,8+3 u 7,8+2 kxan/Monp aas 1V. DHeprus AHCCOUHALHH
414 9&“ MH paccunteiBaetcs M3 3THX  BGJIHYHH  BHIYHTAHHEM
// 1/2D%(H,). HUamepenwr It nonnsaunw MH: 10,1; 9,3; 10,5
= i 88+0,5 a3B ana M=1, IV coorBerctBenno. B. B. Hennk

XY v
LAY - RS ENNE



(o M /982"
llgeal F P -
A/ /0/ 5. C. Spllel State
44, /%% 1983, 1S, w5,
S5S7- m‘;
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/ZUZZ 'J 15 B2031. Pemreuorpadnmc‘cxoe muppakmlbmlbé HC-:;

CAC/L0BAHMAC B YCAOBHSX BbICOKOrO AARJCHHS MPH KOMHAT-!
noit Temneparype ruapuna mean.  High pressure X-ray
diffraction study of copper hydride at room temperature:
[Pap.] Ist Int.” Symp. Mectal—Hydrogen Syst. Fundam.
and Appl, Stuttgart, Sept. 4—9, 1988 Pt 15[
Tkacz M., Majchrzak S., Baranowski B. // Z. phys. chem.
(BRD).— 1989.— 163, Ne 2.— C. 467—468.— Anura.
PentrenorpacduyeckH NpocJeKeH XapaKkTep CXaTHi pe-
wetkdh Cul B ycnoBHAX BHICOKOrO MaBJ. (Kamepa c aJ-
MasHoii nakosaabHeil) no 23 I'lla npu KOMH. T-pe H ¢ He-
nosb3oBanieM yp-HHsg MypHaraia 3aBHCHMOCTb o06GbeMma
3JCMEHTapHOll fAYeliKH OT JaBJ. SKCTPanoJaHpOBaHA BIJIOThL
jgo 60 TITla. Ananns nosyucHHBIX AaHHBIX B CPaBHCHHH C
JaHHBIMH 11O CXKATHIO peleTKH WHCTOl MeAH I03BOJH
onpeieanTh BeaHunHy 3ddekviBHoro moa. o6bvema I B
CuH pasuoit 1,7 -cM3/MosIb, YTO CPaBHHMO €O 3HAYEHHSAMH,
XapaKTePHLIMH A5 GOMbUIHHCTBA METAa/VIHY. THAPHIOB.

\X/fyﬁ; N/J- S e e oo -G AL CoGonea



. /989
f ) S5E788. Pentrenosckue ~Hccaeiopania pasm ‘BLICOKO-|

TO NaBJEHHA THADHAA MeXH TPH KOMHATHOW Temmepaty-
pe. High pressure X-ray diffraction study of copper:
hydride at room temperature / Tkacz M., ‘Majchrzak S.,
Baranowski -B. // Z. phys, Chim. (BRD).— 1989.— 163,
Ne 2.— C. 467—468.— Aura. :

Ha ycranoBke BHICOKOrO RaBJeHHS ¢ "aJIMasHHIMH Ha-|
KOBaJIbHAMH TDOBEJEHO . peHTreHorpaguu. HcCJelOBaHHe -
CuH npn KoMHaTHOIl T-pe M -AaBiennn 1o 23 T'lla. daszo-
BEIX niepexofoB He 0oGHapyxeHO. Yp-HHe cocTosnHs Myp-,
Haraa c napaMmerpaMH Bo=-—72,5+2 TTlla u B,/ =;
=—2,74+0,3 skctpanoauposano no 60 I'Tla, Buuucuen-
HHil KaK pasHOCTb. MeXAy COOTBETCTBYIOLHMH OGbeMaMy
CuH u unctoil Menn 3(deKTHBHHII MONAPHHA 06BEM BO-
Aopoaa npu 60 I'Tla cocrasaser 1,7 cm’/monb ‘H, -uto
XapaKTepHo A8 GOJBIUHHCTBA THAPHAOB METaJJoB. -

: ! - .E._C. Anexcees

e e~ TN NN B
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14 B345. Hccneruuue ruapuaa meam. Yacrs . CuHres

M YCTOHYMBOCTL B TBEepPAOM coctosHuM. Studies of copper

hydride . Part | . Synthesis and solid-state stability /|
Fitzsimons N. P., Jones W., Herley P. l. // J. Chem. Soc,
Faraday Trans. .— 1995 .— 91 , Ne 4 .— C. 713—718 .—!
AHrn. . Mecto xpanenus [TIHTB :

Metopgamu peHTreHorpadmm, OCK, npocseyuBaloWen

3NEeKTPOHHOW MMKPOCKONMM W dHeprogucnepcuonHoro PMA
M3y4YeHbl TEPMHY. YCTOWYUBOCTL M cB-Ba ruapuaa meau CuH'
(). O6pa3subt | nonyueHsi BocctaHosneHuem uona CulT g

W/&@ p-pe p-uuern c runocdochopucTo K-TOH B cpege asorta.
unu aproHa. | — KpacHO-KOp. UBETa, KPHCTanNnu3yercs B:
% W‘?W BMAE MrnonofobHbix 4acTuu. | HeycToM4YMB NpU KOMH. T-pe:
© M pa3naraeTtcs Ha MeTtannuy. Meab M Bopopoa. Yactuusr |

pasmepom ~ 100 A ykpynHslOTCS npu¥ pasn. M C POCTOM

1. pa3n. UsyuyeHa kuHetuka vepmuu. pasn. |. Onpepenensi

3HEpPruM aKkTHBALUMM NEPUOAOB MHAYKLMM, YCKOPEHMS M pas3n.,

pasHbie 2,0; 85 u 4,7 (*0,4) xkkan/mons | coots. npm

T-pe Huxe 100 °C. Bbiwe 370# - T-pbl npopyktel pasn. |

nnassTca. . T. Turos!

X /895 N Y - -

e —— e ———— e
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134:10174j Studies of the thermal decomposition of copper hy- :
dride. Burto R.; Utzig, E.; Tkacz, M. (Institute of Physical !
Chemistry, Foh‘sﬁ Academy of Sciences, 01-224 Warsaw, Pol.). Thermo-

chim. Acta 2000, 363(1-2), 157—163 (Eng), Elsevier Science B.V. De-
compn. of copper hydride has been investigated by differential scanning
calorimetry (DSC) and the thermogravimetric anal. (TGA) methods. The
samples were prepd. from aq. soln. by redn. of copper sulfate with hypo-
phosphorous acid. The crystal structure was detd. by energy dispersive
X-ray diffraction method. Mass spectrometric and volumetric methods
were used for the detn. of hydrogen concn. in solid CuH. A special
procedure was employed to obtain a sample free of water and other
contaminations in order to avoid obstacles from the impurity—related
processes, in our opinion, responsible for the discrepancies in the ther-
modn. properties of copper hydride. The enthalpy of thermal decompn.
of pure copper hydride was found to be 27.5 + 0.4 kJ mol~-1. The activa-

L600
7

(4 gt
- dLconps)

tion energy was caled. from DSC data as about 73.7 kJ mol-1. The |

equil. pressure of hydrogen over copper hydride and the possibility of :
copper hydride formation at high pressure from the elements are dis- .

cussed.
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135: 142518e° Lowest Singlet and Triplet States of Copper, Silver,'
and Gold Trihydrides: an-ab Initio Study. Balabanov, Nikolai B.;:
Boggs, James E. (Institute for Theoretical Chemistry Department of.
Chemistry and Biochemistry, The University of Texas at Austin, Austin,
TX 78712 USA). J. Phys. Chem. A 2001, 105(24), 5906—5910 (Eng),
American Chemical Society. The lowest singlet and triplet electronic’
states of CuHj,, AgHj, and AuH; were studied. The mol. parameters
were optimized at the coupled cluster singles doubles level augmented .
with perturbative correction for connected triple excitation (CCSD(T)).
The equil: geometric structures of the lowest singlet states are Y—shaped,
with very small values for the valence H-M~H angle. The T—shaped '
and linear conformations are transition structures. The electronic d.
and vibrational mode anal. indicates that these mols. can be considered
as adducts of a Hy mol. to the corresponding monohydrides. The lowest\
triplet states lie ~25,000—29,000 cm™! above the min. of the singlet
state. The equil. geometry structures of the lowest triplet states are .
pyramidal with small inversion barriers.

. P %} M

S 470



M A1
135: 142549r DFT Calculations for Cu—, Ag—, and Au-Contain.

ing Molecules. Legge, F. Sue; Nyberg, Graeme L.; Peel, J. Barrie

(Department of Chemistry, La Trobe University, 3086 Australia). J.

Phys. Chem. A 2001, 105(33), 7905—7916 (Eng), American Chemical

Society. The physicochem. properties of a set of mols. contg. Cu, Ag, o1

Au atoms were calcd. using the GAUSSIAN ‘program suite, with the
d. functional theory (DFT) ap-

‘/f:[) purpose of investigating the various
—é/’ - proaches for subsequent ‘application in cluster calens.' The 'test set
comprised the copper—based mols. CuH, Cu0Q, CuS, Cu,, CuCl,,
and CugHe(PH3)g amd the siver

&-— CUCH;;, CuC2H2, CUZ(HC02)4(H20)2,
/ ﬁ/ d’ %rﬁﬂolmmicm T AgS, Aga, ML%%‘}B:
/,/ uCu, and AuAg. ’T%e DET methods Used were SVWN, BLYP, and
/ BPWO1, together with the DFT hybrids BSLYP and BSPW91. The cal-
: W cns. were carried out with the basis sets LANL2MB, LANL2DZ, 3-21G,
/i m and 6—311G (when available). The-properties calcd. were ‘the ‘mol.
7 M - geometry, vibrational frequencies, and dissocn. energies. It was found
—
¥ ;

C A-207 135 VD o



that all the DFT—based methods, particularly when allied with the|
. LANL2DZ basis set, produced results which are significantly closer to
},{ \ \ { exptl. values than those of the traditional Moller—Plesset (MP2) electron '
‘ H C correlation method and which are also applicable to considerably larger
_ f /" mols. Over the whole test set of mols., the RMS errors of the four "BX"
,A methods, in conjunction with LANL2DZ, were typically 3—4% for geom-
R LW . etries; 6—8% for frequencies, and 10~16% for dissocn. energies, with
’ BPWY1 and the popular B3LYP at the lower and upper ends of these

-Tanges, resp., and with the errors being overestimates and underesti- '

L‘\ [ \ . mates, resp. The corresponding values for SVWN and MP2 were 2%
G ; L(H 0 , and 6%, 12% and 12%, and 33% and 42%, with these errors typically !
; being + and +, + and —, and + and -, with + and - representing
overestimates and underestimates, resp. While the best bond lengths

CV_ are produced by SVWN (a local spin d. approxn.), which is not uncom-

mon, this advantage over the gradient cor. (BX) methods is only slight,-
and the latter are markedly superior for frequencies and esp. dissocn.

Q'-I’ . )171/6 energies. Not supported by the present results are the notions that (all)
\24 pure DFT methods underestimate metal~ligand bond lengths and
N overestimate bond strengths and that hybrid methods are superior (and

neither that.DFT methods are overcorrelated). Testing on a subset of

mols. with BPW9I/LANL2DZ revealed no benefit in supplementing this

basis set by the addn. of diffuse functicas, ner of the counterpoise cor-

rection. There appear to be specific incompatibilities with some method/"
. basis set combinations, and even the continuing availability of 3—21G
+ for these metals is questionable, Because of its accuracy and reliability,
the combination BPW9V/LANL2DZ is recommended for these noble—
metal systems (and to extensions such as the cluster—mode] approach
to adsorption of a mol. on a metal surface).
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~135: 294206q Accurate relativistic Gaussian basis sets for H
through Lr determined by atomic self—consistent field calcula-

/ tions with the third—order Douglas—Kroll approximation. Tsuchiva,

.  Takashi: Abe, Minori; Nakajima, Takahito; Hirao, Kimihiko (Depart-
ment of Applied Chemistry, Graduate School of Engineering, The Uni-
‘versity of Tokyo, Tokyo, Japan 113—8656). J. Chem. Phys. 2001, 115(10),

; ” w& %/ , // [&6 -4463—-4472 (Eng), American Institute of Physics. Highly accurate
ﬂ/ﬁ relativistic Gaussian basis sets are developed for the 103 elements from

p '9 H(Z = 1) to Lr. (Z = 103). Orbital exponents are optimized by minimiz-
ZC”L / (/é A . ¢ ing the at.SCF (SCF) energy with the scalar relativistic third—order
/7 Douglas—Kroll approxn. The basis sets are designed to have equal qual-

,{ 2. [0 ity and to be appropriate for the incorporation of relativistic effects. The
ﬂ é’/‘{ ’ 7% basis' set_performance is tested -by,_calens: on-prototypical mols., hy--
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A
h drides, and dimers of copper, silver, and gold using SCF, Moller—Plesset
3'tﬁeory, and the singles and doubles coupled—cluster methods with and’
without perturbative triples [CCSD, CCSD(T)]. - Spectroscopic- consts.
and dissocn. energies are reported for the ground state of each species.

The effects of relativity, electron correlation, and the basis set superposi-

tion error (BSSE) are investigated. At the BSSE cor. CCSD(T) level, the

mean abs. error relative to expt. in D, for three dimers (hydrides) is 0.13

(0.09) eV; for. R, the error is 0.024 (0.003) A, and for w, it is 2 (13) cm™1."

These illustrative calcns. confirm that the present basis sets fulfill their
\\ design objectives. i+ . e oo e
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